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ABSTRACT

The initial phase of a two part
study to develop a simulation procedure
for shipyard material handling
operations is described. This phase
involved investigation of software
alternatives available for simulation,
optimization, material handling and
data base management. Additionally,
material classifications, equipment
choice figures of merit and a material
handling equipment data base have been
developed. The paper presents a
discussion of the software
investigation and presents choices and
rationales to be used in the second
phase. Additionally, the format and
typical entries in the material
handling data base will be presented.
A detailed discussion of the final
figure of merit equation developed and
to be used is also included. Finally,
the results of a feasibility study
concerning the potential for successful
simulation of the problem is presented.

INTRODUCTION

Effective management and control of
modern product-oriented shipbuilding
systems is based on control and
monitoring of material. Work packages
are organized around pallets, which are
conceptual and physical groupings used
for production scheduling and control.
Numerous  cho i ce s  o f  ma t e r i a l  o rde r i ng ,
f a b r i c a t i o n , s t o r a g e ,  m a r s h a l l i n g  a n d
h a n d l i n g  s y s t e m s  a r e  p o s s i b l e .  O p t i m a l
se l ec t i on  f rom among  the se  cho i ce s  can
s i g n i f i c a n t l y  i m p a c t  o v e r a l l
p r o d u c t i v i t y  o f  t h e  s h i p b u i l d i n g
p r o c e s s . S imu la t i on  mode l ing  i s  a  t oo l
tha t  can  be  e f f ec t i ve ly  employed  to
op t imize  cho ices  i n  a  complex  dec i s ion
making environment . S p e c i f i c a l l y ,  f o r
a given objective function, such as
total cost, a minimum can be obtained
by simulating the results of a series
of possible solutions. In this case,
the desired solution is a choice of
material handling equipment to be used
to move particular items from one work

station to another. By coupling a
simulation of the entire series of
moves associated with a shipbuilding or
ship repair project, with the
computation of the total cost
associated with the moves, a least cost
assignment of material handling
equipment to specific moves can be
accomplished. The research reported on
here involved the formulation of the
procedures and necessary data bases
with which to generate a minimum total
cost for planned material movement.

DATA BASE DEVELOPMENT

Three data bases are required in
order to analyze the material handling
choices. These describe (1) the
material handling equipment available,
(2) the material to be moved, including
time and location it is needed for the
succeeding work operation, and (3) the
facility layout, indicating the work
stations to and from which material
must be moved. The data bases will
provide input data to the simulation
model. Therefore, they must contain
information in sufficient detail to
permit valid analyses to be conducted.
They should not, however, contain more
detail than can be effectively used in
the simulation. The actual flow of the
simulation model proposed will be
presented later in the paper. However,
there are certain prerequisites
associated with each of these data
bases.

Material Handling Equipment Data Base

The material handling equipment data
base must contain information that will
enable two major functions to be
accomplished. First, the feasibility
of using a particular piece of material
handling equipment for a given move
must be verified. This is a necessary
condition for further consideration of
the piece of equipment. The
feasibility verification requires a
determination that the equipment is
capable of handling the weight, size
and route required for the move. It
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also implies that the equipment is not
currently being used for another move.
The second function involves making an
optimum choice of available equipment
based on a computation of the cost of
using a particular piece of equipment.
Since there are likely to be many
possible choices, the simulation model
should be run making different choices,
so that these options can be compared
after evaluating total project costs.
The data categories for equipment must
enable the model to determine these
characteristics. Figures 1-5 show the
heading categories for the files that
comprise this data base. These files
are for specific types of material
handling equipment, including,
bridge/gantry cranes, mobile
cranes/crane trucks, jib cranes,
transporters/trucks/rail cars, and
forklifts. The first two columns are
the individual equipment model and
name. The next set of columns indicate
handling capacities of the equipment.
This data can be used to determine the
material category classifications for
which this piece of equipment may be
used. The next column indicates the
work station combinations (source and
destination) which the equipment can
service. The travel speed, used to
indicate the length of time required
for a given move is included next.
This includes both loaded and empty
travel speeds.
The type of energy used is provided in
the next column. There is also a
category, indicated by a code, that
directs the user to a file that
describes the equipment manufacturer.
Figure 6 is an example of this file.
The remaining columns contain equipment
specific cost data. These costs are
described in detail in the section that
presents the figure of merit formula.

These files are used to develop a
new file, called the potential
equipment list. This file is
contiunally updated for each move and
over time during the simulation. A
more detailed description of the flow
of the simulation and the use of this
file will be presented later. This
file, an example of which is shown in
Figure 7, also identifies the piece of
equipment by name. It then has a
capacity code to indicate the number of
items within a material classification
that can be handled by this piece of
equipment. A column, updated
throughout the execution of the
simulation indicates the status of the
equipment, including available, in use,
or down. Another column indicates the
location status, i.e. where a piece of
equipment is located in the facility at
a given time. This information is also
updated during the simulation.
Finally, a series of columns indicate
the cost categories, including labor,

energy, maintenance, down time,
purchase, installation anti debt service
costs . The last column is one total
cost associated with the use of a given
piece of equipment up to the current
time in the project (for a given
simulation run). Note that while most
of the data categories are constants,
some are variables that are updated
during the simulation and some may be
stochastic, i.e. represented by a
distribution. These  variables are
evaluated using typical random number
generators during the running of the
simulation. The optimization. equation,
used to compute total cost, is shown
later in the paper.

Material Class Data Base

Since the number and variation of
individual items to be moved during a
shipbuilding or major ship
repair/overhaul project is extensive, a
means of limiting the size of this data
base to manageable proportions is
required. In order to accomplish this,
a material classification scheme is
used. This scheme employs ten major
classes, with the ability to subdivide
the classes into sub-categories based
on the specifics of the material
handling problem. The classes include:

1.
2.
3.

4.
5.

6.
7.
8.
9.

10.

Structural raw materials
Outfitting raw materials
Pipe and tubing fittings and
valves
Electrical system components
Hull and superstructure
components
Fastening materials
Motors and pumps
Major equipment
Sheet metal components
Miscellaneous materials

The specific sub-categories within
these major equipment categories are
shown in the table in the appendix.
Also, in addition to these categories,
the data base must handle five
assembly stage outputs, including sub-
assemblies, outfit units, sub-blocks,
blocks, and grand blocks. These
outputs are primarily identified by the
material handling constraints, 
including size, weight and special
considerations [1,2]. .

Facility Layout Data Base

This data base is a direct function
of the simulation software to be used.
Most manufacturing simulation software
packages include a simple structure for
input of the facility layout.
Consequently, no specific
recommendations on the format of the
layout input is made in this phase of
the research. Following development of
a case study of the material handling
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Figure 7 Potential Equipment List

simulation (phase II of the research),
the specifics of inputting the layout
will be explained.

SOFTWARE CHOICES

Data Base Management

The choice of software to be used in
developing the data bases was made
based on two primary factors. These
are the ability of the data base
software to perform the necessary
functions, and the transferability of
the software between shipyards.
Consequently, a relatively powerful
data base handling software package is
required. Additionally, it must be a
system that is readily available or
already in common use. One such
software system that satisfies these
requirements is LOTUS 1-2-3 [3].

LOTUS 1-2-3 offers a typical
spreadsheet approach to data base
management. The software is readily
available for PC operation on most
commonly used machines. It provides
ample space for the major data bases
required, offering 256 columns and 8192
rows for data entry. The information
required per piece of material handling
equipment is considerably less than the
256 column capacity. Similarly,
shipyards are not likely to have in
excess of 8192 individual pieces of
material handling equipment to be
managed and scheduled. The spreadsheet
format is one with which most computer
users are familiar. It is also quite

powerful, providing considerable
computational and sorting capability.

Simulation

There are many manufacturing
simulation software packages available
for consideration for use in optimizing
material handling. Summaries of these
packages are generally presented and
updated annually by a number of
journals, including INDUSTRIAL
ENGINEERING [4] and MODERN MATERIALS
HANDLING [5]. More than 50 such
software packages are currently on the
market. Consequently, choices cannot
be made based on trials of these
various packages. Again, simple
criteria must be applied and choices
made. The major criteria are
flexibility, capability, availability
and relative cost. Use of packages
that are commonly used and readily
available is prudent. Given this need
to make a choice without the benefit of
comparative testing, this
recommendation is based on availability
and common use. Most simulation
packages that have been developed for
manufacturing application using PCs are
capable of dealing with the problem to
be addressed in this research. Of the
packages available, SLAM II, perhaps
with the graphical add on package TESS
is recommended [6]. This software is
commonly available, has been used in
numerous applications and is backed by
an on-going support service. It is
relatively easy to use and has both the
power and flexibility needed to develop
a material handling optimization
simulation program for a shipyard.
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Should an individual shipyard have
another standard simulation package
available, switching from SLAM II
should be relatively easy using the
model developed in this and the second
phase of the research.

OPTIMIZATION/SIMULATION FEASIBILITY

The actual material handling
simulation and optimization program
will require the development of a
number of parts. These can be
subdivided into optimization and
simulation. The optimization is based
on the development of a “figure of
merit” or total cost formulation. The
feasibility of conducting the
simulation will be addressed by
considering the data required, the
outputs expected, and by developing a
flow chart of the simulation procedure.

Figure of Merit Formula

In order to evaluate optional choices

Total Cost ($ /Project) =

of material handling equipment, a
figure of merit (cost) formulation must
be developed. Using this formula,
applied to each move and the associated
piece of material handling equipment
used, a total cost of material handling
equipment choices can be determined for
a given plan. The total cost of
various plans can then be compared.
The cost formula computes cost in four
basic categories. These include the
labor cost associated with the use of a
given piece of material handling
equipment, the energy cost, the cost
associated with “emergency” or
unanticipated breakdowns of the
equipment, and the cost of having the
equipment available, including
purchase, depreciation, scheduled
maintenance, etc. These costs are
combined on either an hourly use rate
or over a total projected project
duration and then summed for the
project. The figure of merit
formulation is given below.

SUM [labor cost * actual working time (hrs)
all moves

+ energy cost * actual working time (hrs)

+ emergency breakdown cost

+ ( (purchase cost = installation cost)
* depreciation coefficient + interest cost
+ maintenance cost) * project utilization
coefficient (partial yearly usage of equipment
on a specific project)]

where:

Labor Cost (S/hr) = Number of operators
* Average wage/hour/operator

actual working time = travel time + load time + unload time

Energy Cost (S/hr) = Cost per unit of energy type used
* energy consumption at maximum output
per hour

* energy utilization coefficient

Maintenance Cost (S) = Constant or stochastic (distribution)

Emergency Breakdown Cost (S) = (1 - reliability coefficient)
* (delivery delay cost per/hr
+ inventory COSt per hour
+ overtime cost per hour
+ idle time cost per hour;

* repair time (hrs) ,
stochastic (distribution)

Purchase Cost (S) = constant
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Installation cost ($) = direct installation cost
+ area utilization cost
+ additional facility (building)

construction cost

Interest Cost (S) = (purchase cost + installation cost)
* interest rate

The constant values must be input to
the individual shipyard material
handling equipment data base. Given
these data, the simulation can then be
run to provide a means of evaluating
alternative choices of material
handling equipment usage and
scheduling. Note that in the total
cost equation, labor and energy costs
for a particular ’piece of equipment and
a specific move must include unloaded
moves (if required) to position the
equipment where it is needed. The
simulation model will account for this
requirement. Additionally, capital
costs (purchase and installation), must
be based on present value computations.

Simulation Approach

The simulation is used to provide
and compare material handling equipment
choices and schedules. Initially, the
overall project schedule must be
defined by work and material category.
In effect, a combined graph of work
control parameter versus time is
required for each work station pair,
i.e. source and destination, involved
in material movement [7,8]. This will
be nearly every work station. The

major exceptions will be work stations
that are directly linked to succeeding
or preceding work stations, such as a
panel line. Here there is no material
handling choice since there is a direct
connection and most likely dedicated
equipment for material handling. For
the remainder, the graphs are as shown
in Figure 8. The predominant
parameter, as in product oriented
scheduling, is weight. However, where
other parameters are used, such as
number of pipe piece connections, a
parameter to relate the work schedule
to the material handling schedule is
required. The material classification
categories previously defined will be
used here.

Given this material handling
schedule to support the master
production schedule, the simulation may
begin. The inputs to the simulation
from the material handling schedule are
the feasible material handling
equipment for each move, the distance
of each move, and the handling weights
per material category for each move.
my piece of material handling
equipment that is in the feasible data
file may be ready to be used at the
beginning of a working period, or only

Production Index
(weight, number of
pipe pieces, etc.)

Figure 8 Material Movement Schedule
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for some portion of that period. The
equipment may need to be moved empty to
the required work station, and it may
be used for a single move, or for a
series of moves in sequence.
Similarly, materials to be moved may be
ready and prepared to be moved at a
given point in time, or a distribution
of probability of it being ready can be
used.

The simulation is then run. It will
produce outputs which define the piece
of material handling equipment utilized
for each move, the utilization time for
each piece of equipment, and any delays
associated with either lack of

availability of material handling
equipment or materials to be moved.
Based on these outputs, the total cost
for the project of that option can be
computed. A simplified flow chart for
this simulation is shown in Figure 9.
The primary feedback loops are from the
simulation to the potentially useable
equipment data file, to update and
choose for the next move scheduled, and
from the analysis and result storage
back to the potentially useable
equipment file to run a new simulation
of the project. A series of simulation
runs can be compared to choose a least
total cost material handling equipment
utilization schedule.

Figure 9 Simulation and Optimization Flow Chart
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A significant consideration in this
proposed simulation is the method of
choosing a piece of equipment for a
specific move. Two suggestions are
presented and will be incorporated in
the final model. First, manual
(possibly interactive) selection is
recommended. In effect, this is the
way moves are currently scheduled in
most shipyards. The manager of the
department responsible for providing
material handling equipment commonly
uses some combination of a schedule and
immediate requests to make short term
decisions and assignments. The model
should therefore permit this expertise
to be applied to provide a starting
point. The simulation can then be run
to evaluate this proposal and to
generate similar but alternative
approaches. The second approach is to
automate these decisions based on a set
of heuristics. The model will employ
such a set of heuristics, but in actual
use, each manager should have the
opportunity to adjust the heuristics to
suit an individual shipyard’s needs and
capabilities. These two approaches can
be combined, either by providing
interactive override of heuristic
choices by the manager, or by using the
heuristics to develop alternate
schedules based on the initially input
material handling equipment utilization
schedule.

Simulation Feasibility

There are two primary issues of
feasibility. The first involves the
size and therefore running time of the
model. The use of material categories
and the scheduling parameters is a
means of limiting the size of the
simulation model. There are fifteen
material categories, including the ten
for specific individual material items,
plus the five assembly categories.
There are likely to be between 15 and
30 work station locations required to
model the production process. This
size model should be well within the
capabilities of the PC based version of
SLAM II recommended for use.
Additionally, the material handling
equipment data base should not be
difficult to develop or handle.
Similarly, the project schedule, if
appropriately developed using the
schedule parameter approach should also
not be too large or cumbersome to
handle. Clearly, the movement of every
single item is not intended to be
incorporated in the model. Rather,
preplanned moves of equipment,
manufactured parts and assemblies
between work stations only are
evaluated by this model. Thus the
large frame material handling issues
are involved. Subject to project
specific needs, however, the model can

be used to evaluate “critical” moves no
matter what category (including size,
weight, etc.) material is involved.
Therefore, preplanning of moves is a
prerequisite to the use of the model.
The simulation model should be an
effective tool to evaluate changes from
the plan and to alter the material
handling schedule to deal with such
changes.

The second feasibility issue is more
difficult to analyze prior to actually
attempting to develop the model. This
involves the heuristics development for
making individual equipment choices.
Heuristics can be extremely difficult
to develop. This seems to become a
more significant problem as they more
closely model the actual decision
process employed by an experienced
decision-maker. In developing the
simulation model, less meaningful but
simple heuristics can be a useful
starting point. The accuracy (utility)
of the heuristics can then be increased
incrementally until they are either
satisfactory or the efficiency of the
model begins to deteriorate
significantly. While there is no
assurance that such a set of heuristics
can be obtained, the increasing success
of such simulation modeling in other
manufacturing environments provides
some optimism [9, 10, 11].

OTHER USES OF THE MODEL

There are a number of possible uses
for the model proposed in this paper.
The two primary areas of use involve
material handling equipment decisions
and scheduling. In the first area, the
model should be effective in two
significant areas. First, decisions on
buying and selling material equipment
can be justified by running the model
with the material handling equipment
data base appropriately changed.
Benefits in cost and schedule will be
readily apparent. Additionally,
maintenance and breakdown records can
be used to improve the accuracy of the
data base, and then can be used to
improve the scheduling of maintenance
and prediction of breakdowns.

In the area of project scheduling,
the model can be used to consider the
impacts of schedule changes on material
handling requirements and costs. Such
an analysis can highlight bottleneck
operations and therefore permit
critical review of the manufacturing
system. Similarly, the model can be
used to evaluate the shipyard layout,
and to provide material handling cost
figures for layout alterations. The
use of manufacturing simulation in
other industries has lead to
improvements in system problem
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identification and solution. This
includes not only scheduling, equipment
and layout, but also quality, batch
size, labor utilization, etc. It is
this author’s belief that simulation
holds similar promise for shipyard
operations improvement.

CONCLUSIONS

This paper reports on the first
phase of a two phase research project
concerning the use of simulation to aid
in the choice of material handling
equipment for use in a shipbuilding or
ship repair/overhaul project. The
paper describes the results of attempts
to carefully formulate the problem,
both to indicate the data required and
to evaluate the feasibility of
producing software that would be-useful
to shipyard material handling
department managers. Although only
completion of phase II of the project
can definitely establish the viability
of simulation to solve this problem,
the author is encouraged by these
results. Additionally, while the size
and scope of shipyard projects
represents a significant problem in
utilizing simulation, it appears
possible to handle a problem of this
size, if it is formulated in the manner
recommended. A key factor, as in any
simulation, is the accuracy of input
data. In particular, schedule and work
progress parameter data must be valid
in order to produce valid simulation
results. Despite this potential
difficulty, the use of simulation shows
considerable promise as a tool to help
reduce costs and improve planning of
material handling operations in a
shipyard.
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